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Prolonged exposure of humans to decreased gravitational forces during spaceflight results in a 
number of adverse cardiovascular consequences, often referred to as cardiovascular 
deconditioning. Prominent among these negative cardiovascular effects are orthostatic intolerance 
and decreased exercise capacity. Rat hindlimb unweighting is an animal model which simulates 
weightlessness, and results in similar cardiovascular consequences. Cardiovascular reflexes, 
including arterial and cardiopulmonary baroreflexes, are required for normal adjustment to both 
orthostatic challenges and exercise. Therefore, the orthostatic intolerance and decreased exercise 
capacity associated with exposure to microgravity may be due to cardiovascular reflex 
dysfunction. The proposed studies will test the general hypothesis that hindlimb unweighting in 
rats results in impaired autonomic reflex control of the sympathetic nervous system. Specifically, 
we hypothesize that the ability to reflexly increase sympathetic nerve activity in response to 
decreases in arterial pressure or blood volume will be blunted due to hindlimb unweighting. 

There are 3 specific aims: 1) To evaluate arterial and cardiopulmonary baroreflex control of renal 
and lumbar sympathetic nerve activity in conscious rats subjected to 14 days of hindlimb 
unweighting; 2) To examine the interaction between arterial and cardiopulmonary baroreflex 
control of sympathetic nerve activity in conscious hindlimb unweighted rats; 3) to evaluate 
changes in afferent and/or central nervous system mechanisms in baroreflex regulation of the 
sympathetic nervous system. These experiments will provide information related to potential 
mechanisms for orthostatic and exercise intolerance due to microgravity. 
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ATTENUATED BAROREFLEX CONTROL OF SYMPATHETIC NERVE ACTIVITY IN 
HINDLIMB UNWEIGHTED RATS. (Manuscript to be submitted to Am. J. Physiol.) 

This study tested the hypothesis that hindlimb unweighting in rats, an animal model of 
microgravity, results in attenuated baroreflex control of sympathetic nerve activity. A corollary 
hypothesis was that reflex control of sympathetic nerve activity to the viscera and to skeletal muscle 
would be impaired in a differential manner. Rats were either hindlimb unweighted by attachment 
of a tail harness, or served as cage controls. Following 13 days of HU or normal cage activity, rats 
were implanted with femoral catheters and electrodes for recording either renal sympathetic nerve 
activity (RSNA) or lumbar sympathetic nerve activity (LSNA) and allowed to recover 24 hours. 
Thus, there were four groups of rats: control RSNA(n = 8), HU RSNA (n = 8), control LSNA (n = 
8)and HU LSNA (n = 8). Reflex changes in RSNA or LSNA and heart rate (HR) were recorded in 
response to changes in arterial pressure. Mean arterial pressure (MAP) was increased or decreased 
by ramp infusions of phenylephrine and nitroprusside, respectively. Data relating RSNA or LSNA 
and HR to MAP were fit to a sigmoid logistic function, and curve parameters generated. Resting 
MAP was not altered by HU, while HR was significantly increased (HU: 423.8±10.5, C: 365.4±7.3). 
Maximal RSNA in response to decreases in MAP (HU: 249 ± 12 % control, C: 455 ± 34% control) 
and gain of baroreflex control of RSNA (HU: -5.1 ± 0.2, C: -15.0 ± 4.0) were significantly reduced. 
In addition, maximal LSNA in response to decreases in MAP (HU: 204 ± 12 % control, C: 342 ± 
31% control) and gain of baroreflex control of LSNA (HU: -4.0 ± 0.6, C: -7.8 ± 1.3) were also 
significantly reduced. Baroreflex control of HR was not different between groups. Thus, HU 
attenuated baroreflex control of both RSNA and LSNA. These data are consistent with the concept 
that impaired baroreflex function could be a contributing factor to orthostatic intolerance following 
exposure to microgravity. 

EFFECTS OF HINDLIMB UNWEIGHTING ON BARORECEPTOR AFFERENT SIGNALING. 
(Abstract at Experimental Biology 97 - Study in Progress) 

Previous studies utilizing the hindlimb unweighting (HU) model of microgravity indicate a 
significant attenuation in baroreflex control of sympathetic nerve activity. This experiment tested 
the hypothesis that the difference in baroreflex function is due to altered central processing of 
baroreceptor information, and not to an impairment of baroreceptor afferent responses to changes 
in pressure. Rats were either hindlimb unweighted (n=4) by attachment of a tail harness, or served 
as cage controls (n=4). Following 13 days of HU or control activity, rats were anesthetized with 
Inactin, and implanted with arterial and venous femoral catheters. Electrodes placed on the aortic 
depressor nerve (ADN) and on a branch of the renal nerve for recording renal sympathetic nerve 
activity (RSNA). Changes in ADN activity and RSNA were recorded in response to increases and 
decreases in mean arterial pressure (MAP) due to ramp infusions of phenylephrine and nitroprusside, 
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respectively. Data relating RSNA to MAP were used to assess overall baroreflex function; data 
relating ADN activity to MAP were used to assess baroreceptor afferent function; and data relating 
RSNA to ADN activity were used to assess central processing of baroreceptor afferent information. 
All data were fit to a sigmoid logistic function. Curve parameters were generated for each animal 
and averaged. As in the previous study, HU reduced the maximum activation of RSNA in response 
to a decrease in arterial pressure. Hindlimb unweighting did not significantly alter the ADN activity 
in response to changes in arterial pressure. The efferent RSNA response to changes in afferent 
activity was reduced by HU. Thus, the attenuation of baroreflex control of sympathetic nerve 
activity does not appear to accounted for by changes in afferent signaling, thus indicating a possible 
central mechanism in this dysfunction. 

EFFECTS OF HINDLIMB UNWEIGHTING ON THE RESPONSE TO HEMORRHAGE 
(Study in Progress) 

Initial studies indicated that baroreflex mediated activation of the sympathetic nervous system 
in response to a hypotensive challenge was attenuated by hindlimb unweighting. This preliminary 
study has begun to evaluate the functional significance of this alteration in reflex function by testing 
the hypothesis that hindlimb unweighting reduces the ability of an animal to defend arterial pressure 
against blood loss. Rats were either hindlimb unweighted (HU) (n = 3) by attachment of a tail 
harness, or served as cage controls (n = 3). Following 13 days of HU or normal cage activity, rats 
were implanted with femoral catheters and electrodes for recording lumbar sympathetic nerve 
activity (LSNA), and allowed to recover 48 hours. Control and hindlimb unweighted animals were 
then subjected to hemorrhage at a rate of blood removal of 1 ml/min, and hemodynamic responses 
monitored. Preliminary data suggest that the reflex increase in LSNA and the blood loss required 
to reduce arterial pressure to 50 mmHg is less in HU rats compared to controls. These data are 
consistent with the concept that impaired baroreflex function in HU rats is functionally relevant. 


